Introduction
============

Colorectal cancer (CRC) is an important contributor to cancer mortality and morbidity ([@b1-mmr-15-03-1057]). It is estimated that \~50--60% of patients diagnosed with CRC develop colorectal metastasis, which is the primary cause of mortality ([@b2-mmr-15-03-1057]). Several molecules that promote metastasis have been investigated and considered as potential useful tumor biomarkers, such as KRAS proto-oncogene, GTPase, vascular endothelial growth factor and v-myc avian myelocytomatosis viral oncogene homolog ([@b3-mmr-15-03-1057]--[@b5-mmr-15-03-1057]). The basic process of progression and metastasis of CRC remains to be elucidated ([@b6-mmr-15-03-1057]). Therefore, it is necessary to identify novel gene targets and develop target-specific therapies for CRC.

Tripartite motif containing 37 (TRIM37) is located on chromosome 17q23, encoding a protein with an estimated molecular weight of 130 kDa ([@b7-mmr-15-03-1057]). TRIM37 contains a really interesting new gene (RING) finger domain, a hallmark of E3 ubiquitin ligases, and a recent study determined that histone H2A was a substrate ([@b8-mmr-15-03-1057]). TRIM37 was also revealed to be associated with polycomb repressive complex 2, and may lead to extensive changes in gene expression, including the silencing of some tumor suppressor genes ([@b8-mmr-15-03-1057]). Previous studies revealed that TRIM37 may undergo amplification in ovarian cancer ([@b9-mmr-15-03-1057]) and may promote transformation in breast cancer ([@b8-mmr-15-03-1057]). Additionally, the upregulation of TRIM37 promoted the growth and migration of cancer cells of pancreatic cancer ([@b10-mmr-15-03-1057]). TRIM37 was also identified to be an independent prognostic factor of hepatocellular carcinoma (HCC), and it may promote the migration and metastasis of HCC cells by activation of Wnt/β-catenin signaling ([@b11-mmr-15-03-1057]). However, the expression pattern and the biological functions of TRIM37 in CRC remain to be elucidated.

Epithelial-mesenchymal transition (EMT) is a critical step of metastasis, and is considered to facilitate tumor invasion ([@b12-mmr-15-03-1057]). In colon carcinoma, EMT occurs at the invasive front, and produces single migratory cells that lose E-cadherin expression ([@b13-mmr-15-03-1057]). These cells are considered to be the cells that eventually enter into subsequent steps of the invasion-metastasis cascade, including intravasation, transport through the circulation, extravasation, formation of micrometastasis and, ultimately, colonization, the growth of small colonies into macroscopic metastasis ([@b14-mmr-15-03-1057],[@b15-mmr-15-03-1057]). Several key proteins that regulate EMT have previously been identified, such as snail family transcriptional repressor 1, twist family bHLH transcription factor 1 and zinc finger E-box binding homeobox 1 ([@b16-mmr-15-03-1057]--[@b18-mmr-15-03-1057]). However, the complex molecular network and various steps of this mechanistic model require direct experimental validation ([@b19-mmr-15-03-1057]). Therefore, in the present study, *in vitro* experiments were performed by inducing overexpression and interference using short hairpin RNA (shRNA) to determine that TRIM37 contributed to CRC cell migration and invasion. In addition, *in vitro* metastasis assays were performed in the present study, which confirmed that the overexpression of TRIM37 increased the motility of CRC cells via EMT signaling.

Materials and methods
=====================

### Cell culture

SW480 and SW620 CRC cell lines were obtained from the American Type Culture Collection (Manassas, VA, USA). Cells were cultured in Dulbecco\'s modified Eagle\'s medium supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin and 100 µg/ml streptomycin, incubated at 37°C in a humidified incubator in an atmosphere of 5% CO~2~. The cell culture media and supplements were from Gibco; Thermo Fisher Scientific, Inc. (Waltham, MA, USA).

### Tissue samples

A total of 30 CRC tissues and paired non-cancerous tissues were obtained from the Department of General Surgery, Huashan Hospital (Shanghai, China). Written informed consent was obtained from all patients. The protocol for the current study was approved by the Human Research Ethics Committee of Huashan Hospital. None of the patients with cancer received any treatment prior to surgery, such as radiation therapy, chemotherapy or immunotherapy. CRC tissues and paired non-cancerous tissues were stored at −80°C until required for further processing.

### Reverse transcription-quantitative polymerase reaction (RT-qPCR)

Total RNA from 30 CRC cancer and adjacent non-cancerous mucosa were extracted according to the manufacturer\'s protocol using TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA was reverse-transcribed into cDNA by PrimeScript^®^ 1st Strand cDNA Synthesis kit (Takara Biotechnology Company, Ltd., Dalian, China) and used as a template with SYBR-Green PCR kit (Takara Biotechnology Company, Ltd.). The following primers were used for TRIM37: Forward 5′-TCAGCTGTATTAGGCGCTGG-3′ and reverse 5′-ACTTCTTCTGCCCAACGACA-3′. β-actin mRNA was amplified using a sense primer, 5′-CTGGGACGACATGGAGAAAA-3′ and an antisense primer 5′-AAGGAAGGCTGGAAGAGTGC-3′. The PCR conditions were as follows: Initial denaturation at 95°C for 10 min, followed by 40 cycles of denaturation at 95°C for 10 sec, annealing at 58°C for 15 sec, and elongation at 72°C for 1 min. The relative mRNA level 2^∆∆^Cq of TRIM37 were obtained by normalizing to β-actin ([@b20-mmr-15-03-1057]).

### Immunohistochemical staining

Clinical CRC tissues and paired non-cancerous tissues (n=30) were fixed in formalin, embedded in paraffin, and cut into 5-µm-thick consecutive sections. Slides were dewaxed, rehydrated, and the epitope was subsequently retrieved. After blocking the enzymatic activity of endogenous peroxidase, slides were immunolabeled using TRIM37 primary antibody (1:200; cat. no. sc-49548, Santa Cruz Biotechnology, Inc., Dallas, TX, USA). Subsequently, the slides were washed with PBS and incubated with secondary antibody (1:1,000; cat. no. GK500705; Dako; Aligent Technologies, Santa Clara, CA, USA) and 3,3′-diaminobenzidine using the Dako EnVision Detection System (Dako; Aligent Technologies). The slides were then counterstained with hematoxylin.

### Protein extraction and western blotting

A cocktail of proteinase inhibitors and phosphatase inhibitors were added to the radioimmunoprecipitation assay lysis buffer (Thermo Fisher Scientific, Inc.), which was used to extract total protein from tumor cells according to the manufacturer\'s protocol. Equivalent quantities of protein (30 µg) from each sample were electrophoresed on a 10% SDS-PAGE gel, and then transferred to 0.2 mm polyvinylidene fluoride membranes (Merck Millipore, Darmstadt, Germany). Primary antibodies for TRIM37 (1:500; cat. no. sc-49548, Santa Cruz Biotechnology, Inc.), GAPDH (1:1,000; cat. no. sc-293335, Santa Cruz Biotechnology, Inc.), E-cadherin (1:500; cat. no. ab76055, Abcam, Cambridge, UK), N-cadherin (1:500; cat. no. ab12221, Abcam) and vimentin (1;500; cat. no. ab72547, Abcam) were incubated overnight at 4°C. Following incubation with secondary goat anti-mouse/rabbit-horseradish peroxidase antibody (1:5,000; Santa Cruz Biotechnology, USA), the proteins were detected using an enhanced chemiluminescence kit (Pierce; Thermo Fisher Scientific, Inc.), and then exposed on an X-ray film visualizer (Thermo Fisher Scientific, Inc.).

### TRIM37 knockdown and overexpression

Commercially available TRIM37 shRNA and overexpression constructs were obtained from Genechem Co. Ltd. (Shanghai, China) and used to knock down TRIM37 in SW620 cells (TRIM37-KD) and to overexpress TRIM37 in SW480 cells (TRIM37-OV). Scrambled sequences were used as a control. Cell transfection was performed using Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.).

### Cell proliferation and colony formation assays

CRC cell proliferation was measured with Cell Counting Kit 8 (CCK8; Dojindo Molecular Technologies, Inc., Kumamoto, Japan). Each group of cells was seeded in 96-well plates at a density of 1,500 cells/well and cultured in a humidified 5% CO~2~ atmosphere at 37°C for 24, 48, 72, and 96 h. CCK8 solution was added to the wells and cultured for 2 h, and cell viability was determined by measuring the absorbance at 570 nm using Gen5 microplate reader (Bio-Rad Laboratories, Hercules, CA, USA). A cell growth curve was generated by using the growth data, which was expressed as the mean ± standard deviation. In order to evaluate colony formation ability, equal quantities of control cells and experimental cells were seeded at a density of 1,000 cells/well in 12-well plates and cultured in Dulbecco\'s modified Eagle\'s medium (DMEM, Gibco; Thermo Fishers Scientific, Inc.) supplemented with 10% FBS. Cells were cultured for 14 days, and subsequently they were fixed and stained with 0.5% crystal violet. Colonies were then counted in 10 randomly selected fields and images captured using used Nikon Digital ECLIPSE C1 system (Nikon Corporation, Tokyo, Japan). The tests were independently performed in triplicates.

### Wound healing assay

Cells (5×10^5^) were cultured in 6-well plates until they reached 90% confluence. A wound was generated by scraping the plate with a 200 µl tip. Images of the wounded monolayer were captured, and cell migration was assessed by quantifying the gap sizes at 3 fields between 0 and 48 h and ImageJ (version 1.48; [imagej.nih.gov/ij/](imagej.nih.gov/ij/)) was used to compare the difference between groups.

### Matrigel invasion assay

The invasion assay was performed using a specialized Chemicon invasion chamber (Merck Millipore). The inserts contained an 8 µm pore-size polycarbonate membrane with a precoated thin layer of ECMatrix basement membrane matrix. Cells were seeded at a density of 1×10^4^ cells/well, starved in serum-free medium for 24 h and plated on the top chambers. The bottom chambers were filled with medium containing 10% FBS. Cells which invaded the lower surface of the membrane and the ECMatrix had migrated through the polycarbonate membrane, were fixed in 4% paraformaldehyde and stained with crystal violet. Next, these cells were counted and 10 fields were randomly selected and captured at a magnification of ×200 by phase-contrast microscope (Nikon Digital ECLIPSE C1 system, Nikon Corporation).

### Statistical analysis

The differences between two experimental groups were analyzed by using a two-tailed Student\'s t-test. P\<0.05 was considered indicate a statistically significant difference. All analyses were performed using SPSS version 21.0 (IBM SPSS, Armonk, NY, USA). Data are presented as the mean ± standard error.

Results
=======

### TRIM37 levels increase in CRC tissues

In order to determine the expression of TRIM37 in CRC, TRIM37 expression levels in 30 CRC tissues and paired adjacent normal tissues were quantified using RT-qPCR. It was determined that TRIM37 was significantly upregulated in CRC tissues compared with the matched adjacent normal tissues (P\<0.001; [Fig. 1A](#f1-mmr-15-03-1057){ref-type="fig"}). Next, TRIM37 protein expression was evaluated in primary colorectal cancerous tissue and paired normal colorectal mucosa using western blotting and immunohistochemistry. It was revealed that TRIM37 was highly expressed in cancerous tissue compared with non-cancerous mucosa ([Fig. 1B and C](#f1-mmr-15-03-1057){ref-type="fig"}). These observations suggested that TRIM37 may have an oncogenic function in CRC.

### Knockdown of TRIM37 expression reduces the proliferation and migration of CRC cells

In order to investigate the function of TRIM37, its expression was downregulated in SW620 cells (the TRIM37-KD group). Reduced expression of TRIM37 in SW620 cells significantly inhibited their growth rate compared with the scramble cell group (P\<0.05; [Fig. 2A](#f2-mmr-15-03-1057){ref-type="fig"}). Colony formation assays also revealed reduction in the number of colonies in the TRIM37-KD group compared with the scramble group ([Fig. 2B](#f2-mmr-15-03-1057){ref-type="fig"}). To determine the effect of TRIM37-KD on migration, cells were wounded by scratching, and then maintained at 37°C for an additional 48 h. Downregulation of TRIM37 attenuated the flattening and spreading of SW620 cells ([Fig. 2C](#f2-mmr-15-03-1057){ref-type="fig"}). These observations were confirmed by invasion assays, as the invasion ability of cells in the TRIM37-KD group was reduced ([Fig. 2D](#f2-mmr-15-03-1057){ref-type="fig"}).

### Overexpression of TRIM37 promotes the growth and migration of CRC cells

The effects of TRIM37 overexpression (TRIM37-OV group) on the viability of the CRC cells was also investigated. CCK8 and colony formation assays revealed that TRIM37-OV cells had significantly increased cell viability (P\<0.05; [Fig. 2A and B](#f2-mmr-15-03-1057){ref-type="fig"}). The levels of migration and invasion in the TRIM37-OV SW480 cells were higher compared with the control cells in the wound healing and Matrigel chamber assay ([Fig. 2C and D](#f2-mmr-15-03-1057){ref-type="fig"}). Therefore, overexpression of TRIM37 increased the growth, migratory and invasive properties of CRC cells.

### TRIM37 promotes the migration of CRC cells by EMT

The underlying molecular mechanisms through which TRIM37 promoted the migration and invasion of CRC cells were investigated in the present study. EMT is considered to be the critical mechanism contributing to cancer metastasis ([@b16-mmr-15-03-1057]). To determine the effect of altered TRIM37 expression on the induction of EMT in CRC cells, RT-qPCR and western blot analyses were performed in order to determine the changes in mRNA and protein expression levels of EMT markers. It was determined that, in the TRIM37-KD group, vimentin and N-cadherin mRNA levels were significantly reduced compared with the scramble group (P\<0.05; [Fig. 3A](#f3-mmr-15-03-1057){ref-type="fig"}). However, the E-cadherin mRNA expression level was significantly increased in the TRIM37-KD group compared with the scramble group (P\<0.05; [Fig. 3A](#f3-mmr-15-03-1057){ref-type="fig"}). In contrast with the TRIM37-OV group, vimentin and N-cadherin mRNA expression levels were significantly increased compared with the scramble group (P\<0.05; [Fig. 3B](#f3-mmr-15-03-1057){ref-type="fig"}). The E-cadherin mRNA expression level was significantly reduced in the TRIM37-OV group compared with the scramble group (P\<0.05; [Fig. 3B](#f3-mmr-15-03-1057){ref-type="fig"}). The identical patterns were evident for protein expression levels of the EMT markers in the TRIM37-KD ([Fig. 3C](#f3-mmr-15-03-1057){ref-type="fig"}) and TRIM37-OV ([Fig. 3D](#f3-mmr-15-03-1057){ref-type="fig"}) groups. These results clearly indicated that altered TRIM37 expression levels affected the epithelial and mesenchymal phenotype of the CRC cells.

Discussion
==========

The primary cause of mortality in patients with CRC is metastasis ([@b21-mmr-15-03-1057]). The TRIMs family has been identified to be involved in the progression, transformation, autophagy and metastasis of cancer ([@b22-mmr-15-03-1057]--[@b26-mmr-15-03-1057]). Previous studies have demonstrated altered expression levels of TRIM37 in breast and ovarian cancer, which confirmed its oncogenic function ([@b8-mmr-15-03-1057],[@b9-mmr-15-03-1057]). The present study used RT-qPCR, immunostaining and western blotting to determine that the increased expression of TRIM37 occurred at the transcriptional and post-transcriptional levels in CRC, suggesting that it may contribute to the progression of malignancies.

Previous studies revealed that TRIM37 may interact with β-catenin and promote growth and metastasis in pancreatic and hepatocellular carcinoma, suggesting that there may be co-operation between TRIM37 and the β-catenin/transcription factor complex in the regulation of cancer progression ([@b10-mmr-15-03-1057],[@b11-mmr-15-03-1057]). Additionally, the present study revealed that TRIM37 positively regulated the proliferation and migration of CRC cells. The TRIM37-OV cells were more effective in wound repair, and their invasive ability was improved, whereas the TRIM37-KD cells had reduced wound healing and invasive capacity, which supported the notion that TRIM37 is an oncogene that contributes to the progression of malignancies.

The present study determined that TRIM37 promoted cell migration and invasion by inducing EMT. Previous studies have determined that the expression levels of epithelial cell markers, such as E-cadherin and cytokeratins, were reduced, whereas upregulation of mesenchymal cell markers, including vimentin and N-cadherin, was observed ([@b27-mmr-15-03-1057],[@b28-mmr-15-03-1057]). The present study revealed that overexpression of TRIM37 may be accompanied by an increased mesenchymal phenotype and reduced expression of E-cadherin, whereas, by contrast, the knockdown of TRIM37 may lead to an increase in E-cadherin and a decrease in the levels of mesenchymal markers. When cells undergo EMT, they express anchorage-independent growth and obtain the capacity to travel throughout the body, which may lead to metastasis ([@b29-mmr-15-03-1057]--[@b31-mmr-15-03-1057]). The present study may be improved by increasing the clinical sample size to determine the expression of TRIM3. Future studies should focus on discussing the correlation between the expression of TRIM37 and the survival of patients with CRC.

In conclusion, the findings of the present study have supported the notion that TRIM37 upregulation leads to increased vimentin and N-cadherin expression levels, and a reduced expression of E-cadherin. This has provided novel insights into the function of TRIM37 in CRC. Additionally, when TRIM37 was overexpressed in CRC cells, they were more aggressive, with higher tumorigenicity and increased migratory and invasive capability. As TRIM37 has been revealed to contribute to EMT, inhibition of EMT may involve the downregulation of TRIM37 expression. Therefore, TRIM37 may be an effective therapeutic target in the treatment of the progression of CRC.

![mRNA and protein expression levels of TRIM37 are increased in CRC cells relative to normal cells. (A) The mRNA expression level of TRIM37 in 30 paired CRC samples and adjacent normal tissues was detected by reverse transcription-quantitative polymerase chain reaction. The TRIM37 expression was normalized to β-actin. \*P\<0.001. (B) Representative immunohistochemical images of TRIM37 in matched CRC tissues (lower panel) and adjacent non-cancerous tissues (upper panel). Magnification, ×200. (C) Western blot analysis was used to examine the protein expression level of TRIM37 in CRC samples and paired adjacent normal tissues. CRC, colorectal cancer; TRIM37, tripartite motif containing 37; T, CRC tissues; N, non-cancerous adjacent tissues.](MMR-15-03-1057-g00){#f1-mmr-15-03-1057}

![TRIM37 promotes the proliferation, migration and invasion abilities in CRC cells. (A) TRIM37-KD in SW620 cells inhibited cell proliferation, whereas TRIM37-OV in SW480 cells increased proliferation. \*P\<0.05. (B) Crystal violet assay was used to analyze the effects of TRIM37 on the growth of CRC cells. (C) Representative images of the wound healing assay of TRIM37-KD and TRIM37-OV cells with control. Magnification, ×200. (D) Representative images of the Transwell assays of TRIM37-KD and TRIM37-OV cells with control. Magnification, ×200. Data are representative of three independent experiments. CRC, colorectal cancer; TRIM37, tripartite motif containing 37; TRIM 37-KD, TRIM37 knockdown; TRIM37-OV, TRIM37 overexpression.](MMR-15-03-1057-g01){#f2-mmr-15-03-1057}

![TRIM37 promotes the invasion of colorectal cancer cells via EMT. (A) Reverse transcription-quantitative polymerase chain reaction was performed to determine the levels of several components that were involved in EMT. In the TRIM37-KD SW620 cells, N-CAD and VIM were downregulated, whereas E-CAD was upregulated. \*P\<0.05. (B) In the TRIM37-OV SW480 cells, N-CAD and VIM were upregulated, whereas E-CAD was downregulated. \*P\<0.05. (C) Western blot analysis demonstrated that, in TRIM37-KD SW620 cells, the epithelial marker E-CAD was upregulated, whereas N-CAD and VIM, the mesenchymal markers, were downregulated. (D) In TRIM37-OV SW480 cells, E-CAD was downregulated, whereas N-CAD and VIM were upregulated. TRIM37, tripartite motif containing 37; TRIM 37-KD, TRIM37 knockdown; TRIM37-OV, TRIM37 overexpression; E-CAD, E-cadherin; N-CAD, N-cadherin; VIM, vimentin.](MMR-15-03-1057-g02){#f3-mmr-15-03-1057}
